primers. Using primers based on the T7 and SP6 promoters the genomic DNA inserts of these clones were amplified using the Expand Long Template PCR system. None of the clones produced PCR fragments using the sspE or phoA primer pairs, two genes believed to be located in this region. In the absence of any additional information, the largest insert fragment was selected for DNA sequencing (clone 2c.2). The 2c.2 insert was amplified in 10 independent reactions which were pooled prior to shot-gun cloning. The size of the a clone was verified by amplifying various sections directly from genomic DNA by PCR using specific primers.
~
We have sequenced 24.5 kb of the Bacillus subtilis chromosome from a region adjacent to a Not1 linking clone (pNEXT47; Itaya & Tanaka, 1991) . pNEXT47 is located at 947 kb on the physical map corresponding to the sspE marker on the genetic map. The sequence spans the region sspE-katA following the direction of replication, B. subtilis 168 was used as a source of chromosomal DNA which was prepared by methods described by Maniatis et al. (1982) . A partial Sau3A genomic A library in iGEM11 (Promega) was provided by C. Harwood (University of Newcastle upon Tyne, UK) and used as a source of genomic clones. Genomic and i clone DNAs served as templates for PCR and Long Range PCR amplifications using the Expand Long Template PCR System (Boehringer Mannheim). Such amplified DNA fragments were used as gene probes, as sources of DNase I-generated shot-gun clones and for direct sequencing.
T o clone the entire 24.5 kb region several cloning strategies were used. Firstly, genomic libraries were screened by DNA/DNA hybridization of plaque lifts with [32P]-labelled PCR fragments of the genes sspE, phoA and senS amplified from B. subtilis 168 genomic DNA. The library screen, using the senS probe, produced nine independent positive plaques. DNA was isolated from four of the nine plaques, all produced a diagnostic senS PCR fragment with the senS-specific
The EMBL accession number for the sequence reported in this paper is
282044.
primers. Using primers based on the T7 and SP6 promoters the genomic DNA inserts of these clones were amplified using the Expand Long Template PCR system. None of the clones produced PCR fragments using the sspE or phoA primer pairs, two genes believed to be located in this region. In the absence of any additional information, the largest insert fragment was selected for DNA sequencing (clone 2c.2). The 2c.2 insert was amplified in 10 independent reactions which were pooled prior to shot-gun cloning. The size of the a clone was verified by amplifying various sections directly from genomic DNA by PCR using specific primers.
Sequencing was performed by a strategy which used a combination of random DNase I fragments, direct sequencing from the 2c.2 PCR product and direct sequencing of internal PCR fragments produced from template B. subtilis 168 genomic DNA. This strategy generated a contig of 14.962 kb which spanned the 16s RNA-katA genomic region.
T o extend the sequence to sspE, we adopted a Long Range PCR strategy, using genomic DNA as the template, one primer based on sequence adjacent to the 16s RNA and the second based on the sspE sequence. These primers produced a fragment, 16S-S, which was approximately 9.5 kb. Ten independent PCR amplifications of this fragment were pooled and shot-gun cloned. Both direct sequencing of the PCR product and data obtained from the random clones were used to produce the completed sequence which overlapped the previous region by 800 bp. The sspE-katA region of the B. subtilis chromosome (Zeigler, 1993) ; the lower section is based on the sequence data covering t h e 24 kb region.
sequencing the Not1 linking clone pNEXT47 (Itaya & Tanaka, 1991) . The insert was sub-cloned into pBluescript and sequenced. The position of the pNEXT47 insert was confirmed by a PCR reaction using B. subtilis 168 genomic DNA as template and primers specific to the pNEXT47 and 16s-S sequence data. The linking clone added just over 1 kb to the overall contig and overlapped the 16S-S sequence by 600 bp. This resulted in a final sequence of 24.524 kb determined in both strands with a mean base redundancy of 5.
All sequences were determined in both strands using DyeDeoxy Terminator Cycle Sequencing Kits with 373A and 373A STRETCH automated sequencers (Applied long versions of the M13 universal primers or customsynthesized oligonucleotides.
DNA sequences obtained were compiled using the fragment assembly programs in the GCG package (Devereux et al., 1984) . The compiled sequences were analysed for the location of possible CIRFs. Protein sequences of each ORF were used to search the relevant databases using the MoBiCS version of BLAST (Altschul et a/., 1990) .
Analysis of the 245 kb sequence revealed the tRNA gene set trnD, containing 16 tRNA genes with anticodons corresponding to 15 aa, Leu being represented twice (Wawrousek et al., 1984) , and the rRNA operon rrnD containing 16S, 23s and a 5s minor rRNA species (Raue et al., 1977) . The rrnD operon features an I-CeuI restriction site which has been used to identify and map the relative positions of the rRNA operons (Toda & Iiaya, 1995 O f the 17 ORFs, four had been identified previously: ORF2 as sspE (Hackett & Setlow, 1987; EMBL A.116184) ; ORF 14 as thiA (EMBL U26178); ORF16 as senS (Wang & Doi, 1990 ; EMBL M34826) and ORF17 as KatA (EMBL M80796). Only minor differences between these data and this sequence were noted.
However, upon translation of the thiA gene reported here, residues 170-174 are changed from RLFLP to AIIPS due to frame shifts, residue 333 is changed from L to F and residue 547 from G to C. Five of the ORFs present show no strong homology to any protein sequence in the databases. The remaining eight do show significant similarity and these data are presented in Table 2 .
Probably the most interesting predicted protein product is that of ORF7, which starts with the alternative initiation codon TTG. Its deduced product shows 50 '/o sequence identity at the amino acid level with the glutamate-1-semialdehyde aminotransferase from
Synechococcus (Grimm et al., 1991) . Expression of glutamate-1-semialdehyde aminotransferase is of interest as it represents a second isozymic activity in B. si~btilis. The product of the h e m L gene o€ B. subtilis is also a glutamate-1-semialdehyde aminotransferase (Hansson et al., 1991) , with which ORF7 shares 48% sequence identity. The hemAXCDBL operon of B. subtilis encodes the enzymes responsible for the biosynthesis of the tetrapyrrole uroporphyrinogen I11 from glutamate. Internal deletion of the hemL gene, however, did not result in a growth requirement for haem or its precursor 5-aminolevulinic acid (Hansson et al., 1991) .
It would seem likely that the second glutamate-Isemialdehyde aminotransferase gene reported here can fulfill this function in vivo.
Not many genetic markers have been located in this region (Zeigler, 1993) . However, the relative map positions of those that are present are incorrect. The changes in the relative positions are shown in Fig. 2 . The genetic markers comO (formally ~0 m -1 8 ; Biaudet et al., 1996) and recH, which also map in this region, could not be easily ascribed to any of the ORFs located within the sequence.
